Technos #83-118

I 5;23:3(1 7

SAUGET MUNICIPAL LANDFILL
FOR BURIED DRUMS

Sauget, lllinols

for
ECOLOGY & ENVIRONMENT, (NC.
and
U.S. ENVIRONMENTAL PROTECT ION AGENCY

Chicago, Illlnois

Submitted by:

TECHNOS INC.
Consultants In

Applied Earth Sclences
Miami, Florida



———TECHNOS lNC- consultants in applied earth sciences

June 24, 1983

Mr. Ron St., John

Geologist

Ecology and Environment, Inc,
FIT Reglon V

223 West Jackson Boulevard
Chicago, [L 60606

RE: Sauget Municlpal Landfill, Geophysical Survey for Drums
Dear Ron:
Enclosed are three (3) copies of our report entitled "Geophysical

Investigation of Sauget Munlicipal Landfill for Buried Drums". Since
this completes Technos! portion of this project, our involce Is also

enclosed.

As you are aware, the Sauget Landfill was surveyed using a continuous
output gradiometer magnetometer system along parallel traverse |lnes
spaced at 12.5 feet Intervals. For all practical purposes this

constitutes nearly 100% coverage of the landfill.

The magnetometer results Indicate several large areas which contaln
numerous magnetic anomalies; these are of sufflclent magnitude and
density as to be buried drums. Large quantities of buried large
appllances and car bodies/engines could also be the source of these
responses, but it Is unlikely that such items would be found in the
densities measured at Sauget Landflill.

Few areas are free of magnetic anomalies which will cause problems for
your drilling program. The area of the levee embankment and selected
positions north of the landfill may be possible alternatives.

Ed and | enjoyed our fleld collaboration with you and Jerry. If | may
be of further asslistance to you or Jerry, please call me at
(305)634-4507.

Sincerely,

Robert+ A. Glaccum
Senlor Sclentist

RAG:vvm
Enclosures

3333 n. w. 21st street
miaml, florida 33142
(305) 634-4507
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Drums contalining volatile organlcs were uncovered during recent excavations for

a rallroad spur at the Sauget Municipal Landfill, Sauget, Illinols, The
landf11i Is sltuated adjacent to a known hazardous waste dump and may have
received simllar toxic wastes. Investigation of the landfill Is currently being

conducted by EPA and Ecology & Environment Inc. to determine the extent of
possible buried drums and leaking toxic wastes In the surrounding landfilled
materials and soils. Technos Inc. has supported this effort by conducting a
geophysical Investigation of the Sauget Municipal Landfill primarily using
magnetometry, along with electromagnetics and ground penetrating ‘radar

techniques to locate and map areas of possible buried drums.

The following significant Information was derived from this survey:

1. Magnetic anomalles (intensity level 1, Figure 7) were recorded over most

of the landfil| which probably Indicate the |imits of landfilling.

2. Magnetic anomal ies with greater intensity (levels 2 and 3, Figure 7) were
located In several areas In the north-central and western portions of the
site. These areas are delineated in Figure 7 and indicate burial areas of
refatively large concentrations of steel/iron materials such as drums or

car bodles.

3. The dellineated magnetic varlatlons may be caused by drum—-llke masses
occurring at depths of 2 to 25 feet. |f drums, these Individual masses

could represent 1 drum at a depth of 2 feet to as many as 50 drums +to



depths as great as 25 feet (over a surface area of about 25 feet In

dlameter).

These magnetometer results were derived from 33 magnetometer |lInes made along
parallel Ilnes spaced at 12.5 foot Intervals across the site providing
approximate total site coverage. A speclallzed gradliometer magnetometer was

used with Its output continuously recorded on a strip chart.

Four ground penetrating radar and electromagnetics reconnaissance |lnes were
also made during Inltial site tests., Fleld analysls Indicated the superlority

of the gradiometer magnetometer for conducting the complete survey.



’

BACKGROUND
Sauget Municipal Landfili Is situated in Sauget, Illinols, a small commercial
community located just south of east St. Louls, The municipal landfill Is

immedlately adjacent to the east slde of Sauget Toxlc Dump which lies along the

Mississippl River (Figure 1).

The landfill area Is approximately 350 by 1800 feet covering some 14.5 acres.
It Is bounded on the west by Sauget Toxic Dump fence and on the east by a flood
control levee. Three large high tension power |ines extend down the length of
the landflll; a burled rallroad track Is located along the eastern edge of the
slte's gravel access road. Piles of fly ash were present in the NW corner of
the site., Several depressions were observed over the landfill; the largest

occurring along the western fence edge (see Figure 2).

Pillsbury Corporation operates a bulk loading/unloading terminal just to the SW
of the landflll (Figures 1 and 2). Recent constructlon of a rallroad spur
across the western edge of the dump uncovered numerous drums within the
landfilled materlals (personal communication, E & E personnel) releasing
volatile organic fumes, Constructlon activities were consequently halted

because of the obvious safety hazard.

Since both Sauget Municlipal Landflll and the adjJacent commerlical Sauget Toxlc
Dump were operated during the same time perlods by the same operator, concern
was ralsed that toxic materlals including drummed waste were also possibly

dumped In the municlpal landfill.



The location and distribution of massive [ron metal within the landflll (which
may be representative of buried drums) was required as a preliminary portion of

this overall Investigation of the site by EPA and E & E.

OBJECTIVES

Technos was contracted to make a geophyslcal investligation of the site for
locating buried drums within the landfill. A two phase approach was conducted
whereby the three ftfechniques, radar, electromagnetics and magnetics were
evaluated on site In Phase | to determine the best approach for locating drums.
Phase |l was conducted using a gradiometer magnetometer which proved fo be
the best of the three geophysical methods for conditlons encountered at this
site. This technique permits magnetic fleld distortions (or anomal les) to be
continuously recorded on strip charts along traverses across the site to provide

virtual complete slte coverage.

Comparlison of magnetic data from a high sensitivity magnetometer and a low
sensitivity magnetameter permitted evaluations of the depth of burial and first

order estimates of the number of drums.



METHODOLOGIES AND PRELIMINARY TESTS
PHASE |
Three different geophysical techniques were employed during preliminary
reconnalssance tests at the Sauget site to determine the feasibility of the best
technique under site condltions. These techniques Included radar, EM and
magnetometry., Each method has 1Its advantages and disadvantages and
susceptibliiity to nearby cultural Interferences and/or soll and landfill

materials.,

Radar

The radar method Is useful for detecting buried drums In re]aflvely homogeneous
surface conditlions or mapping changes In natural geologic settings. Its use In
landfllls is less than optimal due to the numerous other dumped materials and
the relatively high conductivity of the landfill. A clay cover wlll also
seriously degrade the radar's performance and ability to penetrate more than
several feet, See Appendix A for a more detalled description of the radar

method,

Four N-S radar traverses were made along the eastern part of the Sauget site on
lInes 50E (center of the gravel road), 25E, 00 and 25W. The location of these

lines is shown In Figure 3,

An example of a radar profile Is shown In Figure 4 which was acquired along llIne
25W. Penetration of the radar signals are relatively shal low, belng less than 4
feet deep. Numerous shallow anomalles occur between grild stations 270-310 and
360-380. These may or may not represent shallow buried drums or dlsturbed

material In a relatively homogeneous surface section of the landfill. They may



be simply "windows" In the surface cover materlal which allowed radar
penetration Into the landfill. Without additional Information, the meanling of
these shal low radar anomalles are Inconclusive, Subsequent comparison with
magnetometer results Indicated that magnetic materials (which the radar did not

detect) exlsted along most of the traverse.

Electromagnetics EM

The EM method Is useful for detecting relatively large metal lic objJects such as
several or more steel drums In addition to Its primary use In measuring
subsurface conductivity. However, In landfills, the presence of many metalllic
Items such as buried cables and pipes, as well as elevated waste conductivities
makes evaluation of the EM results difficult In a survey for drums. An EM
system with continuous recording capabllity does provide a much better
opportunity locating bulk buried metal by permitting the acquisition of hligher

density data. See Appendix B for a more detailed description of the EM method.

Four N-S continuously recorded EM traverses were run along the eastern portion

of the landfill on |ines 25E, 00, 25W and 50W (see Figure 3).

An example of the continuous EM data Is shown in Figure 5 from line 50W. Note
the relatively homogeneous response between statlions 00-150 compared to the
strongely fluctuating responses between station 150-900, These EM signatures
are indlcative of buried metal!ic matertials, however, |ittle Information
concerning depth and quantity of materials can be gained from these types of EM

responses under these slte conditions,



Magnetometer
Magnetometers respond to the strength of the earth's magnetic fleld at a

particular location. Total fleld magnetometers are subject to large fleld
fluctuations caused by solar varlations and the influx of cosmic particles on
the earths magnetic fleld. Local distortions or anomalles In this very large
field maybe caused by the presence of nearby ferrous metals such as steel or

Iron,

Total fileld instruments acquire data at discrete statlons at a moment In time
and must be corrected for the changing large fleld variations by making

simultaneous measurements at a base statlion.

The Technos gradiometer magnetometer, using the fluxgate principle provides a
built in nulling or correction technique whereby the differential befween/fwo
total fleld sensors are recorded as a contlinuous read-out, hence no base station
Is required and no corrections are necessary. This capabllity permits rapid
acqulisition of data as the sensor Is carried across the survey area. In
addition, the effects of nearby fences, ratlroad tracks, and steel towers are
el Iiminated or minimized permitting the detection of local anomalies and buried
ferrous objects. See Appendix C for a more detalled description of magnetameter

methods.

Initial magnetometer tests showed that the Instrument was not senslitive to the
varlety of clinders and ash used as cover on the site. MAG |lnes were conducted
along grid Ilnes 0OOW and 25W (see Fligure 2). An example of the recorded

magnetic data Is shown in Flgure 6.



The magnetometer results showed a wide range of magnetic anomalies along the
inttial traverses, from which Intensitles and lateral width of signals were used
to approximate the location, size and depth of the buried ferrous target(s).

These Interpretations Indicated small to massive quantities of ferrous material,

Conclusions of PHASE |

Tests using radar, EM and gradiometer magnetometer techniques at the Sauget
Landfill demonstrated the better overall effectiveness of +the gradiometer
magnetometer technique to locate burled ferrous objects such as drums. Thus,

the magnetometer method was consequently used to survey the complete site.



PHASE 11

The magnetometer survey was conducted using a specialized gradliometer
magnetameter system. The MAG sensor was kept at constant two feet height above
the ground's surface to minimize responses from small near-surface pleces of
iron, Sensitivity of the magnetometer was reduced by two orders of magnitude
from full sensitivity due to the high concentrations of buried metal at the

site.

Thirty-three magnetometer traverses, 300-1800 feet [n iength, were recorded
across the Sauget slte along parallel |lnes spaced 12,5 feet apart. These llines
were made along the grid |Ines shown in Figure 2 from 100E to 325W. Seven |Ines
were conducted perpendicular to the long grid axis at E-S statlons 400, 600,

700, 800, 1200, 1500 and 1800.

The magnetometer results Indicate that ferrous targets exist over the entire
extent of the landfi!l west of the gravel access road., A partially burled
rallroad track was discovered running along the eastern edge of the road (see
Figure 2)., Magnetic anomalies other than the steel tracks were not recorded

east of the grave! road along the levee embankment,

The magnetometer data over the remalnder of fhé silte show a wlde range of
magnetic anomalies varylng In Intensity and width. The responses ranged from
narrow, low amplitude anomalies (typical of small, shallow (1-2 feet) ferrous
targets) to broad, high amplitude anomallies (typical of massive, deep (to 25

feet) ferrous targets - see Fligure 6),



To provide a seml-quantitative description of magnetic anomalles, a
classification system was developed based upon the relative magnetic Intensity
and depth of the buried targets. Three intensity levels were chosen and
designated 1, 2 and 3 (1<2<3), Each level represents a change In Intensity by a
factor of 2-3, Two depth levels were also assigned to major anomalles and
designated shallow (< 5 feet deep) and deep (> 5 feet deep). The 5 foot depth
Is approximate and may range from 3~8 feet, highly dependent on the size, shape

and reslidual magnetism of the target.

The Interrelation of this classification system s shown below:
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¥ Undetectable at the surrounding noise levels at the landflill.

Thus, the smal lest magnetic response Is 1S and may be Iindicative of a paint can
1 foot deep whereas 3D Is the most massive and may be Indicative of a cluster of

50 drums as deep as 25 feet.

Figure 7 Is a detalled map showing the distribution of magnetic anomalles over
the landfill. Approximate magnetlic intensity and target depth (S or D) as

described above are indlcated on thls plot to give the reader a relative



understanding of this complex data.

As seen, the greatest concentration of Intensity 2 and 3 anomalles occur In the
north=central and western portions of the landflli. Smaller areas of Intensity
2 and 3 also occur In the SW corner In the general area of the Pillsbury
rallroad spur; other Isolated patches occur across the rest of southern portion

of the landflil.

The distribution of shallow and deep designated target areas does not appear to
show any patterns. There are no Iindlcations that large concentrations of [ron
(drums) were buried In large pits or trenches, although some of the more massive
(Intensity 3) anomalies with deep (D) classiflication may represent as many as
100 drums to a depth of about 25 feet over a surface area of about 25 feet In

dlameter.

As Indicated by the spatial distribution patterns of Figure 7, dumping of large
concentrations of iron materlal appeared to be somewhat sporadic with greater
Input of these Iron materials at speclific times during landfilling. This
pattern of input inferred from the magnetic distribution suggests that the high
concentrations of magnetic anomalles are drums; It s unlikely +that
refrigerators or car bodies were dlsposed of In such masslve quantities at

singular points in time.

Observatlons recorded during this detalled MAG survey showed that many shallow
but broad depressed areas of the landflll surface correlated fto large magnetic
anocmal les, A wet low area along the central portion of the western fence line

(see Figure 2) Ilkewise showed large anomal ies. Crushed drums were observed In



a nearby fl1ll embankment to the east of this low area.
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Example of Continuous EM Profile Data (50W).

This portion of EM line 50W shows a range of EM conductivities across the northern portion
of the landfill. Obvious differences are observed in areas containing large metallic
objects versus clear areas. However, the size and depth of such metallic targets can

only be very crudely estimated as the EM technique does not have the lateral resolution
capabilities of the gradiometer magnetometer.
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Example Magnetometer Profile Data (62.5W)

This portion of mag line 62.5W shows a range of different types of magnetic responses
over ferrous targets of various size and depth. Vertical scale is in gradient gammas;
horizontal scale is keyed to grid layout shown in Figures 2 and 7.
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INTRODUCT ION

Measurement of ground resistivity Is one of the oldest geophysical techniques.
Resistivity values result from conditions existing In a large volume of ground
which occurs between the system's array or electrodes. The data which are
obtained are a functlion of the site's porosity, permeabliiity, moisture content,
specific conductance of pore flulds and other soll and subsurface geochemical
parameters. However, the actual values of resistivity for different geologlcal
materials and geohydrological conditions are not necessarily diagnostic In
themselves; what is of Importance Is the way In which the resistivity values
vary laterally and with depth, This measurement of lateral (or spatial)
variations allows the user to detect features as a result of their relative
resistivity values and shape rather +than their absolute resistivities.
Classical reslstivity data are obtained by point-by-point measurements which may
require an appreclable amount of time to collect a sufficient density of

readings.

Electromagnetics (EM) measurements provide similar data as obtained using the
resistivity method; these data are called ground conductlvities (or reciprocal
resistivities). Some of the newer EM techniques are portable permitting data to
be gathered as fast as a man can yalk. Therefore, the EM method has an
advantage over the older resistivity method In that subsurface conductivities
(reciprocal resistivities) can be collected rapidly and continuously as the

operator and Instrument move across the ground's surface.



EM DESCRIPTION

The principle of operation of the EM method Is shown in Figure A. The basic
instrument consists of two colls and an electronics module. The transmitter
coll Is separated from the recelver coil by a specified distance. When
energized, the transmitter coll Induces circular eddy current loops into the
earth. The magnitude of each current loop Is a function of subsurface
conditions. In turn, each of these current loops generates a secondary magnetic
fleld which Is proportional to the value of the current flowing within that
loop. A portlon of thls secondary magnetic fleld is Intercepted by the recelver
coll and results In an output voltage which Is amplified by the instrument. The
magnitude of +thls voltage Is linearly related to the terrain (ground)

conductlivity,

The units of conductivity measurement are mlil|imhos/meter (mm/m). Conversion to

resistivity units is as follows:

Ohm-meters 1000/ {mi| | imhos/meter)

Ohm-meters x 3,28

Ohm-feet

EM instruments may be calibrated to read the true subsurface conductivity within
a uniform earth. However, subsurface conditions are rarely uniform. In a
layered earth where each layer has a different conductivity, the reading will be
dependent upon the +thickness of the layers, depth of the layers from the
surface, and specific conductivities of each layer. The resulting conductivity
measurement is a complex function of all these conditions and 1s called the
apparent conductivity, A strict solution for this function requires some
knowledge of +the layer thicknesses, depths and relative conductivities.

However, not all studies need become this Involved because first order



evaluations may be made by noting the relative lateral changes along a traverse
(called profiling). Since data can be obtalned as fast as the operator can
walk, this profiling capabllity Is a very powerful EM technique permitting large
areas to be rapidly surveyed yielding continuous profife [ines. These profile
data may be recorded on a strip chart and/or magnetic tape recorder. This
qual itative method can often describe the location, shape and/or the periodiclity
of a feature whether it Is a clay deposit or a series of fracture zones. Armed
with this type of data, along with some ground truth Information Including
knowledge of the local geology, an evaluation of the proflile(s) can be made.
This analysis results In a more complete understanding of specific features and

the overall setting of the site.

TECHNOS INC. uses modifled commercial EM systems which Include various recording
modes, high resolution capablilities, and Increased and flexible scale options.
Using these systems, continuous proflling can be presently accomplished at three
depths: .75 meters, 6 meters, and 15 meters, The .75 and 6 meter systems are
man-portable while the 15 meter system is truck mounted. EM conductivity data
may also be obtailned to greater depths (60 meters) using the polnt-by-point

method.

A number of options are available infleld and during post data acquisition and
display. Fligure B Is a block diagram depicting the options possible with the
TECHNOS Interactive EM system, Figure C shows two data display formats: a
single EM profile and a three-dimensional view of eleven parallel profile Iines.
The 3-D persepective Is very useful In mapping general geohydrologlic conditions
as well as locating and mapping the distribution of anomalous conductivitlies as

often found surrounding hazardous waste sites. In addition, these same data



sets can be presented in plan view and contoured to show local and reglonal

trends.

Although the EM technique Is Ideally sulted for profiling, acquisition of
vertical changes In subsurface conditions (called sounding) can be accomplished.
However, sounding with EM is somewhat |imited compared to the resistivity
sounding methods. This 1s due to the fact that only a |imited number of
dlscrete depths can be measured using the EM method; thls Is unllke the varlable
electrode spacings possible with the resistivity technique. Although the
resistivity method may yleld more data, i+ requires more time to make the

measurements.

The principal value of EM conductivity data Is to provide contlinuous, high
resolution data in an extremely economical manner. This permits reconnalssance
Investigations to be performed rapidly and effectively In defining the locations
and extent of problem areas. EM methods have proven to be vital to geotechnical

problems, geohydrological assessments and envliromental studies,
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Magnetic fleld measurements can be used to locate burled ferromagnetic objects
such as steel containers or drums, scrap iron and tools., This method Is based
on the fact that an Induced magnetism Is produced in any magnetic material
within the earth's magnetic field and, if sufficiently large, can be detected as
an anomaly In the ambient fleld. Search magnhetometers respond to changes in the
earth's magnetlc fleld caused by ferrous metals. Non-ferrous metals do not

produce a magnetlc response.

The primary factors which Influence the response of a magnetometer system are
the mass of an lIlron or steel object and Its distance from the sensor. The

following Iist polnts out the variables which influence the size of a magnetic

anomaly:

1) Target mass

2) Target to sensor distance

3) Target material and degree of degradation

4) Target geometry (primarily length to diameter ratio)
5) Target orientation

6) Amount and orientation of permanent magnetism in the target.

Technos wutilizes a varlety of magnetometers to accomplish various survey
objectlves, Both total fleld and gradiometer search magnetometers are
available., Proton and cesium systems are used for total fleld work; fluxgate

and ceslum gradiometer systems are used for detalled search work., The system



commonly used by Technos for most search work Is a fluxgate gradiometer bullt by
Technos. This system permits continuous coverage along a line, as opposed to
periodic sampling or station measurements obtalned with other types of
magnetometers. The gradiometer system also permlts operation In areas in which
a total field Instrument will fall to function because of nearby metal fences,
pipes and cables. Thls capablility of the gradliometer system is possible since
the sensor head used minimizes the presence of horizontal targets such as a
steel fence while maintalning full vertical sensitivity for discrete targets
below., This system can be carried by hand or can be mounted to a vehicle for

covering larger areas.

The baslic sensor sensitivity of the Technos gradiometer is one gamma with a
system response of .58 gammas per foot over a two-foot vertical gradient. The
response of the gradiometer generally falls off as one over the distance to the

fourth power for discrete targets.

A secondary (less sensitive) magnetometer is used as a reconnalssance tool to
sort out shallow and deeper targets when the Instrument is used in combination
with a metal detector and other magnetometers. This unit also Is a fluxgate
gradiometer and Is manufactured by the Schonstedt Instrument Company., Its
sensitlvity Is approximately an order of magnitude less than the Technos
magnetometer with a gradient of approximately twenty Inches, ylelding an overall

best system sensitivity of ten gammas per foot.



APPENDIX
RADAR SYSTEM DESCRIPTION

The ground penetrating radar (GPR) system Is an Iimpulse radar system which
operates by radiating short-duration electromagnetics pulses Into the ground
from an antenna which Is In close proximity to the ground's surface. These
pulses are reflected from various Interfaces within the earth and are plicked up
by the recelver section of the antenna and returned to the control unit for
processing and display (thls operation Is analogous to that found In acoustic
echo-sounding systems). These reflections occur from dlfferent soll horlzons,
soll/rock Interfaces, rock/alr Interfaces (volds), man-made obJects, or any
interface which has a contrast in [Its complex dielectric properties.
Fortunately, the complex dielectric constant of a material Is usually related to
physical and chemical parameters assoclated with bedding, cementation, voids,

fractures, faults, Intrusions, and man-made structures.

For presentation of data, GPR signals are processed and displayed by a graphic
recorder, As the antenna Is moved along the surface, the graphic display
results In a picture~like record showlng a continuous profile along a traverse,
very simllar to a geologic cross-section found at a roadcut. In this dynamic
mode, the antenna may be towed up to 8 KPH (5 MPH) for rapid exploratory work.
Detailed studies can be performed by hand towing the antenna at very slow speeds
-- 0.40 KPH (0.25 MPH) -- and/or by placing the antenna In a stationary mode at

specific locations,

Unfortunately, the depth of radar penetration Is very site specific., Depths of

3 to 10 meters are commonly attalined throughout +the country; 20 meter



Power Supply and Generator

A power supply module supplles the 12-volt power essential for system operation
and distributes AC power to the recorder components of the system. The basic AC
power for this supply module is provided by a 110 volt, 60 hertz, 120 watt Honda

portable generator.

HP 9845B Computer System

The Hewlett-Packard 9845B system Is bullt around a 16-bit micro-computer which
has 450 Kbytes of read/write RAM capablllity. In addition, the main memory Is
supported with 120 Kbytes of read only memory (ROM) and 1.4 Mbytes of on line
mass storage. Peripheral equipment includes a four-color plotter, digitizer,

printer and various digital and analog Input capablility.

The system Is small in slze and Is used In the fleld when necessary. Existing
Technos software permits processing of radar and other geophysical data so that
these data sets may be vlewed In a number of different spatlal plots. This
capabllity, on-site, allows rapid, lterative, interaction with the data to take
place In the fleld. This data may be then further processed for statistical

trends and correlation/regression analyslis.

The 9845B system is interfaced with the Norland 3001 Waveform Analyzer Computer
allowing real-time signal averaging, spectral analysis and storage of discrete

radar waveforms and assoclated analysls results,

Norland 3001 Waveform Computer
The Norland 3001 Instrument Is a dedicated waveform processing computer, It has

the ability to Input, display, and analyze one to four signals simultaneously;



single keystroke commands inltiate powerful routines such as differentiation,
integration, slgnal conditloning, auto and cross correlatlions, fast Fourlfer (and

Inverse) transforms, power spectral density, transfer functions, etc,

The Norland has been used to ldentify subtle reflectors In radar waveforms as
well as to accurately determine radar signal velocitles In various medla and
determination of complex dielectric constants., Its digltal flltering
capabllities and stacking have enabled weak cavity and fracture data to be
extracted from obscuring nolse levels, In additlon, It has proven Invaluable In
radar waveform analysis of hydrocarbons and other contaminants In soil and
groundwater, The Norland's abllities are also useful for the reduction of
selsmic data and detecting perlodicities and statistical trends In continuous EM

proflles.



INTERPRETATION OF GPR GRAPHIC PROFILE DATA

An example of GPR signal structure and the resulting profile [s shown in Figure
B. The recelved slignal consists of three basic components. At the top of
Figure Bl is the transmitted pulse, or, more precisely, feed-through of the
transmitted pulse Into the Recelver sectlon that serves as a time reference.
immediately following the transmitted pulse Is a strong surface reflection.
Then, at the time equal to the pulse travel time from the surface to an

Interface and back to the Antenna, the Interface reflection appears.

The continuous stream of recelved pulses Is fed Into the Graphic Recorder and a
profile, as shown In Flgure B2, is developed as the Antenna Is towed along the
ground. The Graphic Recorder produces an lImage by printing strong signals
(ampl 1tudes beyond print threshold) as black and weak signals as whlite,.
Intermediate signals, such as the nolse on the profile between the surface and
Interface reflections, are In the gray range. The profile Is developed as the
chart paper moves under the Graphic Recorder stylus and sequential pulses are

printed to form a continuous record.

The main feature of the data Is the display of dark bands that extend throughout
the profile at varying depths. These dark bands are displayed in groups of
three closely related bands. These three bands represent the reflection from an
Interface between two materials, The triple band Is a characteristic of the

Radar System and Is caused by osclllations in the reflectlon of the pulse.

The vertical scale Is Initially time-scaled with the travel time of the pulise.

This travel time may be converted Into a depth scale, if a knowledge of the



velocity of propagation In the particular material belng surveyed Is known.

Depth would be calculated by the following relationship:

ct v t
D= = m
2 € 2
r
where:
D = depth In feet

¢ = veloclty of light = 3 x 108 meters/sec = 1 foot/nanosecond
t+ = pulse travel time In nanoseconds
€ = relative dielectric constant of materlal

v__ = veloclty of propagation In material = <

m —
. fr

The VHF frequency range dielectric constant and conductivity of the earth
materlals belng probed determline the electromagnetic propagation veloclty (depth

callbration) and the propagation loss (penetration depth) of the GPR system.

To calibrate the GPR data, elther the dielectric constant or the depth to a
particular Interface must be known. The conductivities and dielectric constants
of varlous materlals are presented In Flgure C., These electrical parameters are
dependent upon temperature, pressure, frequency, and impurities. Typical values

glven In Fligure C are for earth materlals,

Figure D |lsts various earth materials and thelr Impulse rate (in nanoseconds
per foot two-way travel time). This shows the approximate time that Is requlired
for a radar Iimpulse to penetrate the material and be reflected back to the

Antenna,



The horlzontal scale Is dependent upon the speed of the Antenna across the
ground and the paper feed rate of the Graphic Recorder. The rate of sampling
within the transcelver results In approximately 25 samples/sec. This resuits In
a horizontal spatlal sampling of:

17.5 Sampies/Ft. @ 1 MPH

8.7 Samples/Ft. € 2 MPH

4,3 Samples/Ft. @ 4 MPH

Two figures are Included to famlllarlze the reader with radar data as would be

obtalned In normal survey work,

Figure E shows a soll profile where clean sands overlay a sandy clay loam. The
top of the sandy clay loam Is clearly vislble; it can be seen to vary In depth

along the length of the traverse.

Figure F Illustrates the results of a radar traverse perpendicular to three
buried pipes. Note that when crossing a pipe the response produced by a single

pipe 1s a hyperbola.

Figures G&H are examples of Individual radar waveforms as displayed on the

Norland waveform analyzer.



penetrations have been achleved under ldeal condlitions at some sites. Thls
depth Is reduced If ground water Increases In electrical conductivity, or If
there are suffliciently high concentrations of fine gralned materials (silts or
clays) present. For example, high concentrations of salts, montmorillonite clay
or loess are highly attenuative of the radar pulse and penetration may not
exceed one meter, |t should be noted, however, that a tack of radar penetration
or little or no data Is often useful information, being most often an Indicator
of silts or clays or an indicator of a very homogeneous subsurface setting. GPR
Is an effective tool In saturated solls (freshwater) and may also be used to
advantage In shallow fresh water sltuatlons as well as In permafrost and lce

Investigations,

The GPR technique often has appllcations to problems considerably deeper than
Its penetration depth. Knowledge of near surface features obtalned from the GPR
record can provide valuable Information on deeper seated aspects of a site, For
example, vertical plipIing can be seen In overlying solls In response to active
cavity (sinkhole) development In |Imestone bedrock at depths well beyond the
range of the radar. Deeper exploration can be achlieved with this system by

using borehole antennas.

The Technos modular radar system Is composed of a modified GSSI 4700P Sclentific
GPR unit which is supported by an HP 9845B Computer System and a Norland 3001
Waveform Processing Computer. In normal operation, all unlts except the antenna
are mounted In a sultable vehicle. The antenna Is towed by the vehicle or
manually by an operator. The system volume [s about 0.34 cubic meters (0.12
cubic feet) with a welight of 123 Kg. (273 pounds). Fligure A is a simplified

biock diagram of the GPR system.



System Description

Control Unit:

The control unit allows the operator to adjust the system for his specific
antenna, desired gain, depth window and any other site requirements. This unit
then transmits power and a synchronizing signal to the electronics and the pulse
generator In the antenna. Subsurface reflections sensed by the antenna are
sampled and returned to the control unit via cable as a low frequency slgnal.
Further processing Is accomplished by the control unlt to provide an optimum

signal for output to the graphic recorder and/or magnetic tape deck.

In order to be adapted to a variety of uses, the control system has been
designed with many features for maximum versatillity., The unit Itself has a
built-in microcomputer which enables real-time (or playback) processing of the
data. Programs avallable to date for thls on-board computer are background

removal and flltering.

Antenna/transcelver:

The earth attenuates higher frequency signals while allowing lower frequency
signals to be propagated to greater depths. However, [t Is these higher
frequency components that give rise to the resolution of the system (i.e., the
abllity +to discriminate between closely spaced strata or Interfaces).
Therefore, some intermedliate point between these two extremes must be selected.
Due to the modular design of the system, a number of antennas (with frequencles
ranging from 80 to 900 MHz) may be readily used for maximum flexibillty In
adjusting to specific site requirements., Units with special characteristics as
well as different unit configurations may also be used In addition +to

standardized antennas. This antenna flexibility Is very Important since It



allows the operator to select the best antenna to match the conditions at hand

and achlieve desired results.

Durlng system operation a +rigger pulse from the control unit Initliates a
capacitor dilscharge which drives the transmitter element in the antenna. The
transmitted pulse Is a quasi-gaussian pulse radlated by a broad band "bow tie"
element configuration., This transmitter antenna s In close proximity and
electromagnetical ly coupled to the ground. Whenever the receiver antenna
detects a reflected radar pulse (which Is travelling near the speed of llght), a
sampler within the transcelver samples 2000 reflected signals, reconstructing a
similar waveform at a much lower audio frequency., This audio pulse Is then

transmitted through I1+s connecting cable to the control unit in the vehicle,

Surface towed antennas may be elther of the monostatic type (one
transmitter/receiver element), a fixed spacing blstatic +type (separate
transmitter and receiver elements In our housing), or the varlable spacing
bistatic type. The variable spacing antenna confliguration enables common depth
point CDP measurements to be made. The lower frequency antennas (80 to 150 MHz)
are general ly of the monostatic or varlable spacing bistatic types. They are
not normally shielded on the upper slde and are, therefore, subject to overhead
noise due to trees and power |Ines. The higher frequency antennas (150 to 900
MHz) are generally of the bistatic (fixed spacing) type. They are commonly
shielded on the upper side of the assembly; this Is a highly desirable feature

when working In a wooded or enclosed area.

These antennas have a fore and aft beam width of approximately 90 degrees

inclusive angle while the side beam wldth Is approximately 45 degrees. The



pulse repetition rate Is 50 KHz with a peak power of 50 watts. In operation the
antenna Is towed by the equipment vehicle or manually by an operator, belng

connected to the vehicle mounted electronics by a cable.

Graphlc Recorder

The graphic recorder used in the GPR system Is an EPC Labs, Inc, Model 2208
Instrument. The graphlic system accepts the analog signal from the control unit
producing a contlnuous, permanent record on electro-sensitive paper. The
recorder Is an Intensity-modulated device with the sweep of the stylus across
the chart paper synchronized with the pulse tfransmitter +trigger. Signal
ampl itudes above a preset threshold level are printed as black but weak signais
remain white with gray scales between them. The paper moves as the stylus Is
swept producing a graphic profile of any subsurface features below the antenna
traverse. Dark bands occur at both positive and negative signal peaks, the
narrow white (ines being the zero crossover between peaks. Time calibration of
the graphic profile Is accomplished by driving the system with a pulse
generator, resulting In 10 nanosecond bands on the graphic display. Once the
relationship between the radar pulse travel time and depth Is known, the chart

paper may be callbrated In terms of depth.

Tape Recorder

The control unlt Is capable of outputting analog signals to an Instrumentation
magnetic tape recorder (Hewlett-Packard, Model 3960) for future processing and
analysls, The tape recorder can record profile data up to sixteen times faster
than the graphic recorder. This allows much more data to be gathered in the
field in a given amount of time. Then at a later time, the data may be played

back into the control unit for output onto the graphic recorder.
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Approximate Conductivity, Approximate Dielectric
Material o (mho/m) Constant, €

' Air 0 1

Fresh Water 104 t0 3 x 10°2 81

Sea Water 4to5 81 to 88

Fresh Water Ice 104 to 10-2 4

Sea Water Ice 10-2 to 10-1 4to8

Ice (Glacial) 10-6 to 10-4 3.2

Permafrost 10-9 to 10-2 4t05

Snow Firn 10-6 to0 10-5 1.4

Granite 10-9 to 10-3 8

Sand, Dry 107 to 10-3 4to 6

Sand, Saturated -4 -2

(Fresh Water) 107 to 10 30

Silt, Saturated -3 -2

(Fresh Water) 107 to 10 10

Clay, Saturated -1, ‘

(Fresh Water) 107%-to 1 8 to 12

Average "'Dirt" 104 to 1072 16

Ficure C: ConpucTiviTIES AND DieLecTrRIc CONSTANTS oF VARIOUS
EARTH MATERIALS



Figure D: ApPROXIMATE IMPULSE RATES FOR VARIOUS EARTH MATERIALS

Impulse Rate

Material (ns/ft)
Air 2
Fresh Water 18
Sca Water 18 to 19
Fresh Water Ice 4
Sea Water Ice 4 to 5.7
Ice (Glacial) 3.6
Permafrost 4 to 4.5
Snow Firn 2.4
Granite 5.7
. Sand, Dry 4to4.9
Sand, Saturated
(Fresh Water) 10.9
Silt, Saturated 6. 4
(Fresh Water) ° T
(Frosh Water) .7107
Average "Dirt" 7to 9

(Two Way Traver TiME)
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Ficure H: CompARISON OF Two SIMILAR WAVEFORMS ON THE
NorLAND WAVEFORM ANALYSER
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